Abstract-The transport properties of membranes based on polyimide-polyaniline composites are studied in the pervaporation separation of a methanol-toluene binary azeotropic mixture. The morphology of the membranes is investigated by electronic microscopy, and the wettability of their surface is analyzed by con tact angle measurements. Special attention is given to the study of sorption and diffusion characteristics of membranes affecting the selectivity and rate of membrane separation. It is found that the incorporation of polyaniline into the matrix of the aromatic polyimide facilitates a reduction in the density of the composites relative to that of the nonmodified polyimide. It is shown that the membranes based on the polyimide-poly aniline composites are more selective with respect to methanol and show lower permeability during pervap oration of the methanol-toluene mixture than polyimide membranes.
INTRODUCTION
Pervaporation or separation of liquid mixtures via vaporization through a polymer membrane is an intensively developing area of membrane technology. Owing to low energy consumption, wastelessness, and ecological safeness, pervaporation is successfully used to separate azeotropic mixtures, isomers, thermally unstable compounds, or compounds with close boiling points. The efficiency of pervaporation separation depends on the structure, chemical nature, composi tion, and set of physicochemical properties of the membrane material. The assortment of commercial membranes is limited; therefore, searching for new materials exhibiting high selectivity and permeability is important for polymer science and practical appli cations. Membranes based on composite polymer materials exhibit the most promise owing to the favor able combination of properties of a matrix and filler. Evidently, of most interest are composites including components with an affinity for the separated com pounds [1] .
Herein, composites comprised of polyaniline (PANI) and aromatic polyimide were used as mem brane materials. PANI is characterized by a wide set of properties, such as electric conductivity, high thermal stability, resistance to aggressive media, and high selectivity during gas separation and pervaporation [2] . In [3] [4] [5] , the transport properties of PANI con taining membranes were examined during the separa tion of aqueous-organic mixtures, such as water-ace tic acid, water-ethanol, and water-isopropanol, and an increased selectivity of the membranes with respect to water was demonstrated. In pervaporation of a methanol-methyl tert butyl ether mixture, PANI based membranes mostly permeated methanol [6] .
The application area of PANI is limited because of its low mechanical strength and poor processability. These limitations can be removed by means of design ing PANI composites with matrix polymers. It is advisable to use aromatic polyimides as matrices, since the polymers of this family show promising transport properties along with good mechanical characteristics [7, 8] . Dehydration of organic solvents with the use of polyimide membranes has been much investigated [8] [9] [10] . Aromatic polyimides show high selectivity for water; however, these are low permeability materials. In the separation of a methanol-water mixture, poly imide membranes predominantly permeate methanol [11] . The need to separate the methanol-water mix ture arises in the refinery, since methanol is used as an extracting and azeotropic agent when toluene is iso lated from gasoline fractions of oil [12] .
The pervaporation of liquid mixtures occurs owing to specific interaction between components of the mixture being separated and the membrane material. In terms of the sorption-diffusion transport model, mass transfer through polymer membranes is a three stage process: selective sorption on the surface of membranes, selective diffusion through the mem brane, and desorption to the vapor phase on the down stream surface. Thus, the transport of a liquid through any nonporous membrane can be expressed as ,
where D is the diffusion coefficient and σ is the solu bility coefficient, which is a measure of the amount of solvent sorbed by the membrane under equilibrium conditions. The driving force of pervaporation is dif ference in solubility and diffusion coefficients of mix ture components. The flux through the membrane is greater for a component with higher diffusion and sol ubility coefficients [13] .
The goal of this study is to investigate the transport properties of nonporous membranes based on PANI composites with poly{[4,4' bis(4'' N phenoxy)diphe nylsulfone]imide 1,3 bis(3,4 dicarbooxyphe noxy)benzene} (I) via sorption and pervaporation methods for a methanol-toluene mixture.
EXPERIMENTAL

Materials and Membranes
The polycondensation of the dianhydride of 3,3',4,4' (1,3 diphenoxybenzene)tetracarboxylic acid with diamine 4,4' bis(4'' aminophenoxy)diphenylsul fone in N methyl 2 pyrrolidone (MP) followed by thermal imidization of the resulting poly(amido acid) (PAA) in the same solvent at 180-190°С [14] yielded a solution of I with a concentration of 20 wt %. Water evolving during imidization was distilled from the reaction solution as a toluene-water azeotrope. The intrinsic viscosity of PAA (MP, 25°С) was 0.6-0.8 dl/g. The molecular mass, thermophysical charac teristics, and thermal stability of compound I corre sponded to the data from [14, 15] .
PANI was synthesized in the form of an emeraldine base via the chemical oxidative polymerization of aniline in the presence of ammonium peroxydisulfate (an oxidizer to monomer ratio of 1) in an aqueous 1 M solution of HCl followed by treatment of the product with a 1 M solution of ammonium hydroxide. The reduced viscosity of a 0.1% solution of PANI (MP, 22°С) was 0.3 dl/g. To dissolve the powdered PANI in MP, the mixture was stirred for 2 h and then treated with ultrasound for 40 min. The solution thus prepared was filtered off.
Polymer composites of I and PANI were prepared via mixing of polymer solutions in MP taken at corre P D = σ sponding proportions [16] . Films (homogeneous membranes) 20-40 μm thick were cast from polymer solutions on a siliconized glass plate followed by evap oration of the solvent and final drying in vacuum at 50°С for 10 days.
Characterization of Membranes
Membrane density ρ was measured via the flotation method in a toluene-carbon tetrachloride mixture. The free volume V f of polymers was calculated accord ing to the Bondi method [17] :
where V is the specific volume of the polymer equal to 1/ρ and V vdw is the van der Waals volume of the poly mer calculated with the use of group contributions tabulated by Askadskii [18] . Contact angles of the membrane surface were esti mated by the Wilhelmy slide method [19] on a KRUSS instrument with a computer controlled rate of sample immersion and calculation of parameters. The test liq uids were as follows: water with a surface tension of σ = 72.4 mN/m, methanol with σ = 22.6 mN/m, and toluene with σ = 28.4 mN/m.
TGA measurements were performed on a Perkin Elmer TGA 7 Thermogravimetric Analyzer at an air flow rate of 50 cm 3 /min and a heating rate of 10 K/min.
The morphology of membranes was studied via scanning electron microscopy (SEM) on a Jeol JSM 35 microscope. The test samples were cross sec tions of membranes cleaved in liquid nitrogen. The cleaved surfaces were coated with gold on a Polaron cathode sputtering unit.
Methods for Studying Liquid Sorption in a Membrane
The sorption of liquids was estimated by the immersion method via immersion of membrane sam ples in a liquid under atmospheric pressure and a tem perature of 21°С. At certain intervals, the samples were withdrawn from the liquid and weighed on an analytical balance with an error of ±10 -4 g. The exper iment was continued until equilibrium was attained; then, the kinetic curves of sorption were plotted.
Methanol and toluene were used as sorbates. Table 1 lists some physical characteristics of these liq uids. 
